MOORE 


Tests  on  the  Thermal  Conductiyity 
Of  Terra  &)tta  Firq)rooflng^j  ;i 


Ceramics 
B.S. 


UNlVfctiSirY 

CK 

n.L.LI13KARY 


UNIVERSITY  OF  ILLINOIS 
LIBRARY  j 

Class  Book      .  Volumej 

My  08-15M 


f 


TESTS  ON  THK  THERMAL  CONDUCTIVITY 

OF 

TERRA  COTTA  FIREPROOF  ING 

BY 

JOSEPH   KENNEDY  MOORE 


THESIS 

FOR  THE 

DEGREE   OF   BACHELOR   OF  SCIENCE 

IN 

CERAMICS 


IN  THK 

COLLEGE   OF  SCIENCE 

OF  THE 

UNIVERSITY  OF  ILLINOIS 

PRESENTED   JUNK  1908 


UNIVERSITY  OF  ILLINOIS 


May.  29 


1908 


THIS  IS  TO  CERTIFY  THAT  THE  THESIS  PREPARED  UNDER  MY  SUPERVISION  BY 
Mr,  Joseph  Kennedy  Moore 


ENTITLED      T.^sts  on  the  Thermal  Cpnductivity  of  Ter;ra  Cotta 
Fireproof ing. 


IS  APPROVED  BY  ME  AS  FULFILLING  THIS  PART  OF  THE   REQUIREMENTS  FOR  THE 


DEGREE  OF     Bachelor of  Science in Ceramics 


APPROVED: 


Instructor  in  Charge. 


HEAD  OF  DEPARTMENT  OF  Ceramics. 


114598 


9ft 


The  Tliermal-Conductivity 
of 

Terra  Cotta  Pire-proof ing . 


Outline 

1.  Introduction 

2.  Calibration  of  Instruments 

3.  Method 

(a)  Description  of  Method 
(h)  Making  Test  Pieces 
(c)  llanipulation 

4.  Determination  of  Specific  Heat 

5.  Description  of  Calculation 

6.  Conclusions 


Digitized  by  the  Internet  Archive 

in  2013 


http://archive.org/details/testsonthermalcoOOmoor 


Introduction. 


The  increasing  demand  for  fire  resisting  materials  and  the  scarc- 
ity of  data  upon  the  suhject,  lead  to  this  investigation.  The  fire- 
proofing  on  the  market  today,  is  of  all  varieties,  from  that  manufac- 
tured from  the  good  grades  of  numTaer  two  fire  clay  to  that  made  from 
the  softest  "burning  glacial  and  alluvial  clays.  The  question  arises 
what  properties  must  the  product  possess  to  make  it  a  safe  material 
for  off ice -building  construction. 

Since  the  heat  conductivity  of  fire-proofing  is  one  of  the  most 
important  constants  to  be  determined,  this  determination  was  under- 
taken as  described  in  the  following  pages.    ICany  methods  have  been 
employed  to  determine  the  thermal  conductivity  of  substances  at  low 
temperatures,  but  practically  no  work  has  been  attempted  at  temper- 
atures above  300    Centigrade.    After  going  over  the  field  (See  ref- 
erences) it  was  decided  to  adopt  the  Neumann  method  as  used  by  H. 
Hecht  of  the  University  of  Koenigsberg.     Many  changes  had  to  be  made, 
however,  to  suit  the  working  conditions.     The  method  as  decided  upon 
is  as  follows: 

To  determine  the  Thermal  conductivity  of  a  fifteen  centimeter 
burnt  clay  ball,  by  heating  it  to  1100    C  and  allowing  it  to  cool 
within  an  ice-cooled  air  chamber,  the  temperature  to  be  measured  by 
means  of  two  Le  Chatelier  thermiJ-couples ,  one  to  be  placed  in  the 
center  of  the  ball  and  the  other  on  the  surface. 

In  carrying  out  this  work  the  following  steps  and  auxiliary  de- 
termination were  carried  out.  | 

1.  Calibration  of  the  couples  and  galvanometers.  | 

2.  Preparing  the  clay  and  molding  the  pieces  as  well  as  burning 
them. 


3.  Determination  of  the  mean  specific  heat  of  the  clay. 

4.  Determination  of  the  specific  gravity  of  the  clay. 

In  the  investigation  the  object  was  first  to  determine  the  prac- 

i   tical  heat  loss  expressed  in  gram  calories  per  cm.  of  the  surface 

( 

of  the  "balls. 

It  was  intended  that  these  constants  should  serve  as  the  cri- 
terion in  differentiating  hetv/een  the  heat  conductivities  of  the  sev- 
eral grog  mixtures.     The  determination  of  these  values,  therefore, 
may  be  said  to  be  the  chief  object  of  the  work. 

Calibration  of  Instruments. 

Owing  to  the  fact  that  thermo  couples  undergo  changes  during 
continued  heating,  it  was  found  necessary  to  calibrate  both  the 
couples  and  also  the  galvanometer.     This  was  done  by  determining  the 
freezing  point  of  copper,  zinc,  and  silver  and  noting  the  correction 
at  these  temperatures.     Since  the  equation  governing  these  correc- 

e 

tions  is  one  of  three  paramiters,  the  three  points  determined  are  suf- 
ficient to  plot  a  correction  curve  for  all  temperatures  within  the 
range  of  the  experiment. 

Materials  and  Test  Pieces. 

The  clay  selected  for  this  purpose  was  one  which  is  being  used 
in  a  successful  commercial  product  and  was  of  the  IJo.3  fire  clay  va- 
riety, being  of  a  slate  color  and  possessing  sufficient  refractori- 
ness and  plasticity  for  the  purpose^     The  grog  usedwas  made  from  brok- 
en pieces  of  burned  fire-proofing  which  was  made  from  the  above  clay. 

The  clay  was  made  to  pass  an  8  mesh  sieve  after  coming  from  the 
dry  pan.     The  grog  was  prepared  by  running  the  broken  fire-proofing 


through  a  jaw  crusher  and  sieving  into  two  grades,  that  which  passed 
a  ten  mesh  sieve  and  remained  on  a  20  mesh  and  that  which  passed  the 
'twenty  mesh  and  remained  on  a  forty  mesh  sieve. 

ji         After  preparing  the  clay  and  grog  they  were  weighed  out  and 

j "batches  containing  0-5-10-15-20^  grog  were  made  up  as  per  tahle  below. 

!    

"     No.  of  Barn      %  Grog      %  Water  Added      Size  of  Grog  ~ 


0  0                   15  ^  0 

IS"  10-20  Mesh 

2  10  "  10-20  Mesh 

3  15  »  10-20  Mesh 

4  20  10-20  Mesh 

5  5"  20-40  Mesh 

6  10  20-40  Mesh 

7  15  "  20-40  Mesh 

8  20  «  20-40  Mesh 


The  clay  mixture  was  then  wedged  to  a  good  working  consistency 
and  pressed  into  shape  in  the  plaster  mould  (Fig. 3).    After  drying 
the  clay  a  hole  3/8"  was  drilled  "by  means  of  a  drill  press  to  the 
center  of  the  ball  (See  Pig.l  A)  in  order  to  introduce  the  thermo 
couple,  also  the  small  l/s"  hole  was  drilled  l/lO  inch  into  the  sur- 
face for  the  outer  couple  to  be  cemented  to  (See  Fig.l  B).     The  balls 
irere  then  burned  to  Seger  Cone  .02  in  a  down  draft  test  kiln, 
(c)  Manipulation. 

After  the  balls  had  been  burned  they  were  again  placed  in  the 
ciln  and  heated  up  to  1100  C.  and  the  kiln  held  at  this  temperature. 

A  calorimeter  (See  A.  Fig. 2)  was  packed  with  ice  and  the  ball 
irawn  from  the  kiln.     The  inner  and  outer  couples  were  then  placed  in 
josition  as  illustrated,  the  inner  couple  being  packed  with  asbestos^ 
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fitre  and  insulated  hy  an  insulating  mixture  consisting  of  50fo  Mg  0 
50  Mg  CI    to  which  4^  sodium  silicate  was  added.     The  Taall  was  intro- 
duced into  the  calorimeter  and  on  a  small  tripod  made  from  the  same 
material  as  the  ball  itself.     The  cover  was  then  placed  in  position  | 
and  covered  with  ice  and  the  readings  taken  on  galvanometer  D,  using 
a  double  throw  switch  C.     The  copper  junction  of  the  thermo  couple 
was  soldered  to  the  platinum  wire  and  kept  in  an  ice  "bath  B.     The  fall 
of  temperature  as  shown  by  the  galvanometer  readings  was  recorded  for 
each  minute,  the  correction  for  the  error  due  to  the  couple  computed, 
and  the  difference  between  the  outside  and  inside  couple  determined, 
(a)  Determination  of  Specific  Heat. 

It  was  now  necessary  to  determine  the  specific  heat  at  three 
temperatures  in  order  to  compute  the  mean  specific  heat  over  the  total 
range  of  temperature.     The  method  employed  was  that  of  mixtures. 
(Heat  for  Advanced  Students)  Edser,  pp. 122-130. 

However,  it  was  found  necessary  to  enclose  the  sample  in  an 
asbestos  cartridge  in  order  not  to  loi^se  heat  in  taking  the  sample 
from  the  furnace  and  introducing  it  into  the  calorimeter.     The  furnace 
employed  was  an  electric  resistance  furnace  and  the  temperature  of  the 
furnace  measured  by  a  thermo  couple. 
A.     The  data  is  shown  in  the  following  paragraphs. 
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25.4 

28.0 

26.7 

.009 

.08 

26.79 

2 

28.0 

28.6 

28.3 

.016 

.08  4-.  016  - 

096 

28.396 

3 

28.6 

28.8 

28.7 

.020 

.016  ^ .020 
.036  ^ .021 

.036 

28.736 

4 

28.8 

28.8 

28.8 

.021 

.057 

28.857 

5- 

28.8 

28.8 

28.  8 

.021 

.057  f-.021 

- 

.079 

28.079 

6 

28.8 

28.8 

28.8 

.021 

.079  -'-.021 

.  100 

28.900 

7 

28.8 

28.7 

28.75 

.020 

.  100  ,020 

.  120 

28.87 

8 

28.7 

28.7 

28.7 

.020 

.  120  -t  .020 

.  140 

28.84 

9 

28.7 

28.7 

28.  7 

.020 

. 140  + .020 

.160 

28.86 

10 

28,7 

28.65 

28.67 

.020 

.160  ^.020 

.  180 

28.85 

11 

28.65 

28.65 

28.65 

.020 

.180  ^ .020 

.200 

28.85 

12 

28.65 

28.60 

28.62 

.020 

.200  ^ .020 

.220 

28.84 

13 

28.60 

28.60 

28.60 

.019 

.220  ^.019 

.239 

28.84 

14 

28.60 

28.60 

28.60 

.019 

.239  ^  .019 

.  258 

28.86 

15 

28.60 

28.60 

28.60 

.019 

.258  f  .019 

.279 

28.88 

16 

28.60 

28.60 

28.60 

.019 

.279  f  .019 

.298 

28.89 

17 

28.60 

28.60 

28.60 

.019 

.298  ^ .019 

.317 

28.91 

18 

28.60 

28.55 

28.57 

.019 

.317  -  .019 

.336 

28.91 

19 

28.  55 

28.55 

28.55 

.018 

.336  +  .018 

.354 

28.  90 

20 

28.55 

28.55 

28.55 

.018 

.354  +.018 

.372 

28.92 

21 

28.55 

28.51 

28.52 

.018 

.372  ^-.018 

.390 

28.91 

22 

28.51 

28.51 

28.51 

.018 

.390  i  .018 

.408 

28.91 

23.84  28.3  r  52.1  f  2  =26.05 
28.8  -  28.51  ^  .29  ;  18^  .016  per  min. 
700  P.- 
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DATA  SHEET 
900  Point. 


Inter- 

Init ial 

Final 

Mean 

Cooling 

Correction 

to  "be 

Mean 

val 

Temp . 

Temp . 

Temp . 

during 

Added 

to  mean  temp. 

Temp 

minute 

Corre 

1 

23.  3 

28.3 

26.05 

.003 

---  - 
.003 

26.053 

2 

28.3 

28.3 

28.3 

.011 

.003  + 

.  Oil  r 

.014 

28.314 

3 

28.3 

28.3 

28.3 

.011 

.014  + 

.  Oil  - 

.  025 

•  \J  sj 

28. 325 

4 

28.3 

28.25 

28.27 

.010 

.025 

.  010  - 

•  \J  kJ  kJ 

28.305 

5 

28.25 

28.25 

28.25 

.010 

.035  + 

.  010  ^ 

.  045 

28. 295 

6 

28.25 

28.  2 

28.  22 

.010 

.  045  -H 

.  01  ~ 

.  055 

•  \J  \J  kJ 

28. 275 

7 

28.2 

28.2 

28.20 

.010 

.055  t 

.  01  - 

-  Ofi5 

28. 265 

8 

28.2 

28.2 

28.20 

.010 

.  065  + 

.01  - 

*  075 

28. 275 

9 

28.2 

28. 18 

28. 19 

.010 

.075 

.01  I 

.085 

28. 275 

10 

28.18 

28. 18 

28. 18 

.010 

.085  + 

.01  r 

.095 

28.275 

11 

28.18 

28.16 

28.17 

.010 

.095  -H 

.01  . 

.105 

28.275 

12 

28.16 

28.14 

28. 15 

.010 

.105  + 

.01 

.115 

28.265 

13 

28.14 

28. M 

28.14 

.010 

.115  4- 

.01  = 

.125 

28.265 

14 

28.14 

28.14 

28.14 

.010 

.  125  -f 

.01  = 

.135 

28.275 

15 

28.14 

28.14 

28.14 

.010 

.135  + 

.01  . 

.145 

28.285 

16 

28.14 

28.12 

28.13 

.010 

.145  f 

.01  = 

.  155 

28.285 

17 

28.12 

28. 12 

28.12 

.010 

.155  t 

.01  -- 

.165 

28.285 

18 

28.12 

28.12 

28.12 

.010 

.165  ^ 

.01  - 

.175 

28.295 

19 

28.12 

28.12 

28.12 

.010 

.175  ^- 

.01  = 

.185 

28.305 

20 

28.12 

28.12 

28.12 

.010 

.185  ^ 

.01 

.195 

28.315 

1^ 


^ 


'^oo        S'oo         Sea        700        0OO        9oo  /o&& 


DATA 
for 

Specific  Heat. 
500  Pt. 

Mass  of  Calorimeter  -  83.57  grams  - 

Mass  of  Water   -f  Calorimeter  r  561.65  - 

Mass  Water  -  M^^   (M^-  M^)  ^  478.07 

Mass  Sample  r=  10.077  ^ 

Initial  Temperature  ^  23.1°  C 

Final  Temperature  (Corrected)  =  25.4*^0  =  ''^ 

Water  Equivalent  of  Calorimeter  -  7.06  gr.  Cal. 

Temp,  of  Piece      Tj     500  ° 

Correction  for  Couple  =  ^  —7 

Calculation. 
S     (M^-M^)  (/^  ~-h,  )  y-7.06 

S     ( 56 1.65  -  83.57)   (25. 4  -25.1)  7.06 
10.077|j5bO-7)  -  25^4J 

S  -  .235 


700  Point. 


M   i  83.57  25.4  C 

M    '  558.90  :/-^r28.9  C 

M  -  475.32  /j-  715  C 
M  =  10.077 


S     (58.9^  83.58)   (28.9  -25.4)  7.06 
10.077jr715-8)  -  28. 9j 


.245 


900  Point. 
M  =  10.077  -f,  r  23.8 

M      485.32  f^;  28.3 

M  -  83.57  f 3  r  910 
M  t    568.90  /-^^  -  10 


S     (568.90  -83.58)   (283  -23.8)  -f  7.06 
l6"'.07T'^T910-10l  -28."3T7~^ 


S  =  .249 
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DATA  SHEET 


No.  Mass  Radius 

0  2820  gr.  6.93  cm. 

1  2831  6.57 

2  2841  7.10 

3  2774  6.93 

4  2815  7.10 

5  2696  6.96 

6  2724  6.96 

7  2736  7.02 

8  2740  7.10 

Density 2.63  2.66 

Mean  "      ^  2.645 
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Calculations. 

a      Mass      Sp.Heat      Drop  in  T  per  minute 

a 

60 • surfac^ ( cm  Calories. 

No.  0 

10.35  y  2820    X'  .2355  -6873.53 

6873.53                    .189  Cal- 
60  X   (6.93)^;e  4X  ^ 

No.  1 

9.88  X   2831    X  .2355  -  6587.00 

-v'^      /  — =rv.  \y     ' .       •  <i05  Cal . 
60  ^   (6.57  V 

No.  2 

8.18  ^  2841  K   .2355=  5472.83 

5472.83                           _  - 

No.  3 

8.58  X  2774  X  2355  '  5605.14 

5605.14          _  , 

No.  4 

10.97  X  2815    X  .2355  -  7292.34 

7292.34                          _  , 
60  >   (7.1)^    4/t  -  --^y-i-*^  Gal. 

No.  5 

10.07  V   2696  y    .2355   ii  6393.54 

6393.54                     ^  , 
60   X  (6.96)*^    4K  '  '^^^ 
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Calculations  (Cont.) 


No.  6 

10      2725       .2355  6418.47 

6418.47 
60  y  (6.'96p^~K    ^  ^ 

No.  7 

9      2736  5^    .2355  ^  5807.88 

  5807.88    _  pj,t 

60  y  (7.02)^)(  4A  ^ 

No.  8 

8.5^    7740   >  .2355  5484.79 
5484.79 

eon — ^r7TiT^"47t  -^"^^ 
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Conclusions. 


The  data  as  calculated  alDove  show  the  mean  value  of  the  heat 
given  off  per  sq.  cm.  per  sec.  to  be  0.1697  gr.   calories.     Then  the 
mean  thermal  conductivity  would  he  0.1697. 6.96  ^  1.1811  gr.  calories. 
T^iis  refers,  of  course,  only  to  the  conditions  of  the  experiment, 
that  is,  "between  the  limitss  of  temperature  difference  616  to  200, 
with  a  starting  temperature  of  1070  on  the  inside  of  the  sphere. 
No  relation  was  observed  with  regard  to  the  additions  or  the  sizes 
of  grog  nor  their  sizes.     This  is  prohahly  due  to  the  fact  that  the 
initial  burning  temperature  was  too  high  and  hence  the  body  had  be- 
come too  dense  owing  to  advanced  vitrification. 
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